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ABSTRACT 
This paper aims to identify the rupture locations of abdominal aortic aneurysms.  Dow Corning Sylgard 
184 was mechanically characterised.  Five idealised models were then manufactured using this silicone 
rubber which were subsequently inflated to rupture with the images recorded using a high speed 
camera.  Four of the five models tested ruptured at inflection points in the proximal and distal regions 
of the aneurysm sac, and not at regions of maximum diameter.   
 
 
INTRODUCTION 
 
Aneurysms form a significant portion 
of cardiovascular related deaths in the Western 
world.  Aneurysms are permanent and 
irreversible localised dilations [1], and 
although can form in any blood vessel, artery 
or vein, the more serious aneurysms occur in 
the abdominal aorta, the brain arteries, and the 
thoracic aorta.  Approximately 500,000 AAAs 
are diagnosed worldwide each year [2] 
resulting in 15,000 deaths per year in the USA 
alone [3].  Typically, an AAA is surgically 
repaired once shown to have reached or 
exceeded a diameter of 5cm.  There have been 
reports that this threshold may lead to 
inaccurate surgical-decision making as not 
only can smaller AAAs rupture [4-6], but also, 
large AAAs can remain stable [6].  It is known 
that by applying the definition of material 
failure to AAAs, the AAA will rupture when 
the locally acting wall stress exceeds the 
locally acting wall strength.  Currently, much 
research is aimed at examining the wall stress 
distribution within the AAA wall [7-14].  
Researchers have also examined methods to 
determine the strength of the AAA wall, both 
invasively from excised tissue [15-17] and 
non-invasively [18].  While there is much 
focus on attempting to numerically understand 
the mechanics of AAA rupture, only limited 
work has focussed on the development of 
experimental methods of determining rupture 
potential.  The purpose of this study is to 
mechanically characterise a type of silicone 
rubber material to be used as the wall analogue 
of ideal AAA models, and to perform in vitro 
rupture studies to determine the site of rupture.  
Numerical modelling will attempt to quantify 
these experimental results.   
 
METHODS 
 
Material Characterisation  
Dow Corning Sylgard 184 silicone 
rubber was used as the material for this study.  
Aluminium moulds were designed and 
manufactured to be used with the injection-
method to create the silicone rubber samples.  
The mould cavity conforms to a Type 2 tensile 
test specimen as outlined in BS ISO 37.  The 
test apparatus used was the Tinius Olsen 
(Surrey RH1 5DZ, England).  For the tensile 
testing, a strain rate of 500mm/min was 
applied, as recommended in BS ISO 37 for 
Type 2 specimens.  Preconditioning of each 
sample was also performed.  An initial stretch-
relax program of ten cycles to a 20% strain rate 
was carried out on each sample. 
 
Rupture Modelling 
In order to study the rupture of an 
aneurysm in vitro, the idealised AAA model 
developed and used extensively in previous 
research by our group [19-23] was utilised.  
Five AAA models to be used in the rupture 
study were manufactured using this technique.  
 The experimental rig consisted of a 
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mirrored-wall arrangement, pneumatic airline, 
pressure regulator, pressure manometer and 
high speed camera.  The model was clamped to 
a retort stand and connected to the air supply 
with silicone tubing.  A high speed camera 
(Olympus i-Speed, Olympus Corporation) was 
used to capture the point and location of 
rupture.  The camera is capable of recording 
images at rates up to 33,000 frames per second 
(fps).  A pixel resolution of 800 x 600 at 
1000fps was deemed adequate for this 
application, and images were recorded using a 
monochrome lens.  Once the AAA model was 
attached to the test rig, the high speed camera 
was adjusted to ensure optimum focus and 
angle.  To determine the accuracy of the 
experimental tests, the evaluated material was 
implemented in the FEA software ABAQUS 
v6.7 (SIMULIA, R.I., USA) as the wall of the 
ideal AAA.  Boundary conditions similar to 
the experimental set-up were implemented to 
the virtual AAA model.   
 
 
RESULTS 
 
Material Characterisation 
Tensile testing revealed that the 
average UTS of Sylgard 184 is 7.7361 ± 
1.6597 MPa, compared with 8.1 MPa on the 
specification sheet.  In order to mechanically 
characterise the material, the experimental data 
from the tensile tests were converted to true 
stress and true strain, and then a 5th order 
polynomial curve was fitted to the data to 
obtain a mean experimental data curve, as 
shown in Figure 1. 
 
The basic Ogden stain energy 
function [24] can be seen in Eqn.1, with the 
resulting material coefficients shown in Table 
1. 
 
             (1)
  
Table 1: Material coefficients for the third 
order Ogden model for Sylgard 184. D=0 for 
all constants. 
 Mu Alpha 
1 -304.235 1.2667 
2 148.232 1.5962 
3 157.156 0.9075 
 
The results of the FEA and the 
uniaxial tensile tests compared favourably, as 
shown in Figure 2.  Therefore, confidence was 
established in the material characterisation of 
Sylgard 184. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Engineering stress and engineering 
strain experimental data fit of 5th order 
polynomial curve for Sylgard 184. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Comparison of results for the tensile 
tests and the numerical simulation of Sylgard 
184. 
 
Rupture Modelling 
Of the five silicone models ruptured 
in vitro, four models experienced rupture at a 
region of inflection on the surface of the 
model.  An inflection point is defined as points 
on the AAA surface at which the local AAA 
wall shape changes from concave outward to 
concave inward [25].  This finding is 
consistent with previous reports by our group 
[13,19,21] and others [25] that noted peak 
stresses at these regions instead of at the 
maximum diameter of the AAA.  A summary 
of the rupture results can be seen in Table 2.  
Burst pressures were also recorded.  One 
silicone model ruptured at the iliac bifurcation.   
 
Table 2: Summary of experimental rupture 
results 
Test Rupture Location 
Rupture Pressure 
(mmHg) 
1 Proximal Inflection Point 254.7 
2 Proximal Inflection Point 278.6 
3 Proximal Inflection Point 466.2 
4 Distal Inflection Point 278.7 
5 Iliac Bifurcation 544.6 
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The sequence of events leading to 
rupture for Test 1 can be seen in Figure 3.  
This illustration shows the frame where 
material failure initiates, leading to rupture of 
the model, and ultimately complete failure of 
the silicone model.  It should be noted that no 
models failed along the ‘seam’ line of the 
silicone model from the manufacturing 
process.  In Figure 3,  (A) shows the inflated 
model, (B) the initial point of rupture, (C) 
propagation of the failure zone, and (D) 
complete failure of the silicone model.  A 
similar sequence was observed for all four 
models that ruptured at regions of inflection. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Sequence of events leading to model 
rupture of Test 1.  The rupture location is 
highlighted in (B) and (C).  A similar sequence 
was observed for all four models that ruptured 
at regions of inflection.    
 
By implementing the material 
constants derived earlier, it was possible to 
simulate the experimental rupture study 
numerically.  Stress distributions on the 
surfaces of the virtual AAA model reveal that 
high stresses occur at the regions of inflection 
and not at regions of maximum diameter.  This 
has been proven by our group both numerically 
using the finite element method [21] and 
experimentally using the photoelastic method 
[19].   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: In vitro rupture locations and FEA 
stress patterns. High stress occurs at inflection 
points which correlate with rupture locations in 
experimental models. 
 
DISCUSSION 
 
The focus of this paper was to 
experimentally rupture rubber ideal AAA 
models in order to observe burst locations.  
There has been little reported on the in vitro 
rupture of abdominal aortic aneurysms, with 
much focus on the computational analysis of 
these aneurysms [7-14].  Morris et al. [19] 
observed rupture locations at the inflection 
regions during the use of the photoelastic 
method.  Five models were manufactured 
using a technique developed by our group 
[22,23].  The commercially available silicone 
rubber Sylgard 184 from Dow Corning was 
used as an analogue for the AAA wall.  
Silicone rubber is an appropriate analogue for 
arterial tissue and has been used in previous 
studies [22,23,26,27].  Tensile testing revealed 
that the UTS of the material (mean ± standard 
deviation) is 7.7361 ± 1.6597 MPa.  By fitting 
a polynomial curve to the experimental data 
and evaluating the material using ABAQUS 
v6.7, material coefficients were determined.  
The optimum strain-energy function for this 
particular material is a third-order Ogden 
function as shown in Eqn. 1, and allows the 
material to remain stable at all stresses and 
strains.   
 
The use of a high-speed camera to 
record the point of rupture proved to be a very 
powerful experimental tool.  The optimum 
image resolution was found to be 1000fps.  Air 
pressure was increased incrementally until the 
point of rupture.  Rupture pressures varied 
significantly for two of the five models, as 
shown in Table 2.  Mean rupture pressure was 
364.56 ± 131.89 mmHg.  Three models 
experienced rupture at the proximal inflection 
region, one at the distal inflection point, and 
one model ruptured at the iliac bifurcation.  
Rupture studies were then replicated using the 
finite element method.  Similar boundary 
conditions were used to those in vitro.  
Comparing the experimental rupture locations 
with the high stress regions found using FEA 
showed good correlation, as shown in Figure 6.   
 
 
CONCLUSION 
 
Ideal AAA models ruptured at regions 
of inflection and not at areas of maximum 
diameter.  This is consistent with predicted 
results.  The use of a high speed camera is a 
useful experimental tool in monitoring rubber 
AAA rupture locations.  To improve the 
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method described, more suitable arterial 
analogues that mimic arterial properties more 
closely are required, thus possibly leading to 
an improved understanding of AAA rupture.  
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